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CEMENTITIOUS EXTERIOR SHEATHING 
PRODUCT HAVING IMPROVED 

INTERLAMINAR BOND STRENGTH 

CROSS REFERENCE TO RELATED 
APPLICATION 

The present application is a continuation in-part applica 
tion of US. patent application Ser. No. 10/288,189, ?led on 
Nov. 5, 2002, now US. Pat. No. 7,028,436, and entitled 
“Cementitious Exterior Sheathing Product With Rigid Sup 
port Member.” 

FIELD OF THE INVENTION 

This invention relates to exterior sheathing products 
Which incorporate cementitious materials, and especially, 
?bercement sheathing having greater interlaminar bond 
strength. 

BACKGROUND OF THE INVENTION 

Fibercement has been used in the United States building 
materials industry since the 1980’s. This material is used in 
residential and commercial construction applications as an 
alternative to Wood for siding, roo?ng, backer board, trim 
and fascia applications. Fibercement is ?re and insect resis 
tant, and is more durable. In fact, it Was the fastest groWing 
market segment in the exterior sheathing industry in the 
1990’s, and by 2005, this material is expected to gain up to 
25 percent of the siding market. 

Fibercement is, technically, a composite of portland 
cement, aggregate (usually sand), and cellulose ?bers. Cel 
lulose ?bers are added to cement to increase its toughness 
and crack-arresting ability. Fibercement shingle and shake 
products are Widely available from such sources as James 
Hardie, Inc. under the brand name Hardiplank® and Cer 
tainTeed Corporation under the brand name Weather 
boardsTM. These products are produced by the Hatchek 
de-Watering process, Which results in a laminated ?at sheet 
reinforced With a signi?cant amount of cellulose ?bers, 
usually about 30435 percent by volume. 

Fibercement materials possess useful properties, but they 
Were at one point in their history believed to be unsuitable 
for exterior use since they Were susceptible to damage due 
to the effect of freeZe-thaW cycles. See Harper et al., US. 
Pat. No. 4,637,860. FreeZe-thaW action can cause severe 
deterioration to ?bercement building products. The primary 
cause of damage is due to the hydraulic pressures that 
develop as Water freeZes and expands in tiny ?ssures and 
pores of cementitious materials. Once these forces exceed 
the strength of the material, cracking occurs. During subse 
quent thaWing, the Water then moves through the cracks, 
expanding them further, to cause more damage When freeZ 
ing occurs again. 

Harper et al., US. Pat. No. 4,637,860, suggested that 
better freeZe-thaW resistance could be achieved by autoclav 
ing a cellulose ?bercement mixture With silica sand addi 
tions. These inventors also recogniZed that silica sand addi 
tions reduced the density of formed sheet materials to a level 
beloW that necessary to achieve su?icient strength and 
freeZe-thaW resistance. Accordingly, the ’860 patent sug 
gested compressing the Wet mixture in a press to reduce its 
thickness and increase its density prior to autoclaving. Such 
a process has been proven to be effective in increasing the 
interlaminar bond strength (“ILB strength”) of ?bercement 
boards When pressures approaching 30 bar are used. See 
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2 
Wierman et al., “The Effects of Pressure on FreeZe-ThaW 
Durability of Fiber-Reinforced Cement Board” (September 
2002). 

While improvements to the processing of ?bercement 
sheathing have been introduced, there have been some 
notable disadvantages associated With ?bercement products 
compared to vinyl siding products. Speci?cally, even With 
cellulose ?ber reinforcement, ?bercement exterior panels 
are susceptible to cracking by nails and screWs, especially 
along their edges. Moreover, While high pressure pressing 
has improved ILB strength, ?bercement trim boards are still 
susceptible to freeZe-thaW delamination failures, and could 
be improved in this area. 

Accordingly, there is a current need in the cementitious 
exterior sheathing industry for a more durable cementitious 
siding and trim panel. 

SUMMARY OF THE INVENTION 

This invention provides exterior building products Which, 
in a ?rst embodiment, include an exterior-facing side having 
an aesthetic appearance, a Wall-facing side, and a cross 
sectional thickness. The building product further comprises 
a plurality of layers containing a cementitous mixture, 
including cement, reinforcing ?bers and aggregate. It further 
contains a resinous bond promoter disposed at least Within 
an interlaminar region de?ned by tWo of said layers in said 
building product to increase the interlaminar bond strength 
of said building product. 
The present invention represents a signi?cant improve 

ment in ILB strength for cementitious building products, 
such as siding, shakes, roo?ng shingles, sof?ting, and the 
like. By introducing a resinous bond promoter, such as 
acrylic, starch, polyvinyl alcohol, or polyvinyl acetate, a 
rheological agent, or by the use of mechanical means, such 
as a pin roll, vibration table, or needling machine for 
piercing or agitating the assembled sheet and displacing the 
?bers generally perpendicular to the plane of the sheet, thus 
alloWing the ?bers to join the sheets together, improved 
strength betWeen individual layers of cementitious material 
can be attained. Su?icient resinous additions, manipulation 
of the ?ber, or both, can result in improvements to ILB 
strength of at least about 10%, preferably about 25%, and 
most preferably in excess of 40%, With improvements in the 
percent elongation (a measure of ductility) of at least about 
5%, preferably about 7%, and most preferably greater than 
15%. 

Such improvements in ILB strength and ductility have the 
potential of increasing the durability of such building prod 
ucts, and may alloW lighter density or thinner products to be 
commercialiZed. When resinous bond promoters are 
employed, a further unexpected bene?t has been obtained by 
a signi?cant reduction in Water absorption, measured in 
treated test samples. This testing clearly demonstrates that 
samples incorporating acrylic-based bond promoters 
betWeen ?bercement layers actually assist the product in 
resisting Water penetration throughout the product thickness, 
even at its exterior face. Since the preferred bond promoter, 
acrylic emulsion, is similar to the sealer coater often used for 
exterior ?bercement products, the sealer step in the produc 
tion of ?bercement products can be eliminated, along With 
its attendant drying and curing steps, to reduce manufactur 
ing costs. In addition to these cost savings, the reduction in 
Water penetration throughout the product limits the amount 
of Water Which can contribute to the freeZe-thaW effect, and 
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this physical property, in combination With the increased 
ILB strength, should yield a substantial increase in freeZe 
thaW resistance. 

In a further embodiment of this invention, an exterior 
siding or roo?ng product comprising an exterior facing side 
having an esthetic appearance and a Wall-facing side is 
provided. The product includes a plurality of ?bercement 
layers, and a resinous bond promoter disposed betWeen at 
least the ?rst pair of the layers in the plurality of layers to 
increase the inner laminar bond strength of the product. 

In still a further embodiment of this invention, a method 
of manufacturing an exterior siding product is provided 
Which includes the steps of: forming a slurry containing a 
cementitious mixture including cement, reinforcing ?bers 
and aggregate; disposing said slurry onto a porous belt to 
form a Wet, cementitious member having at least tWo layers 
therein; applying a resinous bond promoter to at least an 
interlaminar region de?ned by said tWo layers; deWatering 
said cementitious member; and curing said cementitious 
member, Whereby said resinous bond promoter increases the 
interlaminar bond strength of said building product. 

In still a further embodiment of this invention, an exterior 
cementitious building product is provided Which includes an 
exterior-facing side having an esthetic appearance, a rear 
Wardly facing side and a cross-sectional thickness contain 
ing a plurality of layers, said building product containing a 
cementitious mixture, including cement, reinforcing ?bers, 
aggregate and a resinous bond promoter disposed in a 
su?icient quantity to increase the interlaminar bond strength 
of said building product While simultaneously improving its 
resistance to Water absorption. This embodiment can be 
further improved by adding a pigment to the resinous bond 
promoter so that the product has a color or tint at its exterior 
surface, or throughout the product. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings illustrate preferred embodi 
ments of the invention, as Well as other information pertinent 
to the disclosure, in Which: 

FIG. 1: is a front perspective vieW of an exterior building 
product of this invention; 

FIG. 2: is a diagrammatic, partial vieW of a manufacturing 
technique, including the step of de-Watering of a plurality of 
cementitious layers; 

FIG. 3: is a How diagram of a preferred Hatchek and 
pressing process for manufacturing the building products of 
this invention; 

FIG. 4: is a diagrammatic front perspective vieW of the 
stacking of ?berglass molds and Wet cement boards prior to 
pressing; 

FIG. 5: is a partial cross-sectional side vieW of a portion 
of the stacked structure of FIG. 4, shoWing the alternate 
layers of ?bercement and ?berglass molds; 

FIG. 6: is a diagrammatic side vieW of a pressing opera 
tion; and 

FIG. 7: is a graphical depiction of moisture increase from 
baseline vs. time (hr.) for control and test ?bercement 
samples. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Cementitious “exterior building products,” such as, for 
example, lap siding, roo?ng and siding shakes, sheathing, 
and shingles, panels, planks, vertical siding, sof?t panels, 
fascia, corner posts, column comers, decking, fencing and 
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4 
trim boards, and methods for their manufacture, are pro 
vided by this invention. As used herein, “cementitious” 
refers to hydraulically settable materials, including a 
hydraulically settable binder, such as hydraulic cement, 
gypsum hemihydrate, and calcium oxide, and Water to Which 
components such as aggregate, ?bers, and according to this 
invention, bond promoters, dispersants and a rheology 
modifying agents can be selectively added to modify the 
properties of the mixture. The term “?bercement” refers to 
a cementitious composition including portland cement, cel 
lulose ?bers and sand. In preferred embodiments of this 
invention, ILB strength can be improved While simulta 
neously minimizing the degree of Water penetration for 
exterior building products. This is a poWerful combination 
for reducing freeZe-thaW failures due to the melting and 
freeZing of absorbed Water, since ?bercement products 
modi?ed With a resinous bond promoter are stronger to 
begin With, and also resist Water absorption, Which means 
there Will be less Water in the pores of the material to freeZe. 
The resinous bond promoters of this invention can be 
provided in latex or emulsion form in ratios of betWeen 1:2 
(50%) to about 1:20 (5%) of resin to Water, and can include 
pigments to provide a stain, tint or color throughout, or 
partially through the product, UV stabiliZers to help assist in 
UV resistance, and further additives Which Will be later 
described herein. 

With reference to the ?gures, and particularly FIGS. 1*3 
thereof, a process for making cementitious exterior building 
products, such as a shake 100, is disclosed. In a ?rst 
embodiment of this invention, shoWn in FIG. 1, a shake 100, 
having a length, Width and cross-sectional thickness “or” is 
provided. The shake 100 includes a Wall-facing side 20 and 
an exterior-facing side 10, a pair of lateral side portions and 
a pair of longitudinal ends. The shake 100 further includes 
a cementitious composition 22, having multiple layers 101, 
typical of the Hatchek de-Watering process, preferably made 
from ?bercement, including ?bers 24 and aggregate 25. The 
shake 100 exhibits an aesthetic appearance, such as a Wood 
grain. The cementitious composition 22 can easily be 
formed into decorative panels, including lap and full cut 
designs With deep, authentic textures, grooves and contours, 
such as, for example, lap shingles, With random square 
straight edges, random square staggered edges, half rounds, 
and octagons. 
The preferred shake 100 of this invention has increased 

ILB strength at conventional thicknesses enables the use of 
thinner cross-sections, or both, When compared to current 
commercial products. The shake 100 or other exterior build 
ing product of this invention can include a thickness “or” of 
at least about 0.05 inches, preferably about 0.25*1.00 
inches, and more preferably about 0.31*0.75 inches. 

With regard to the process for manufacturing shake, 
boards and sheathing products of this invention, reference is 
noW made to FIGS. 2*7. The steps for manufacturing 
?bercement are Well knoWn. First, the dry ingredients are 
mixed thoroughly in a mixing step 210 of FIG. 3. These 
ingredients typically include, aggregates, ?bers, dispersants, 
and a hydraulically settable binder, such as cement. Atypical 
construction Will include portland cement, sand, cellulose 
?bers, kaolin and performance additives in less than one 
percent by Weight. These dry ingredients are next mixed 
With Water and formed into a slurry at step 212. The slurry 
203, shoWn in FIG. 2, is deposited by displacement screWs 
to a series of tanks 201 Which are ?uidly connected to a 
series of transfer (or pick up) rolls 202. Agitators 209 
disposed in the tanks 201 help to mix the ?bercement slurry 
203 to keep the ingredients from settling. The transfer rolls 
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202 and pressure rolls 211 apply a thin layer of slurry 203 
to the felt belt 213. As this belt 213 passes by each tank 201 
it “picks up” a little more slurry until the full wet thickness 
of each layer 204 is achieved. 

The Hatchek process 214 includes a dewatering station or 
vacuum box 207 for de-watering each layer 204 of cemen 
titious material and an accumulator roll 205 for assembling 
the layers together into about a 0.25*1.00 inch, preferably 
about 0.31*0.75 inch (dry cured thickness), multi-layered 
sheet 206. The cementitious sheet 206 is roll formed at step 
216 through one or more further nip rolls or belts, followed 
by a cutting step 218. In a preferred embodiment, the 
multi-layered sheet 206 is wet or shear cut at step 218 to 
provide a 5 ft. wide><12 ft. long sheet dimension. The cutting 
step 218 can be accomplished by a water jet or cutting knife 
306 as shown in FIG. 4. 
At the layering step 220, which is diagrammatically 

illustrated in FIGS. 4 and 5, a plurality of ?berglass molds 
303, containing, for example, an aesthetic wood grain or the 
like, are joined with the cut boards 301 in a stack 304. 

The pressing and ?nal de-watering of the product is 
accomplished at step 222, shown also in FIG. 6, in which 
great pressures of about 500 psi (30 bar) are applied by a 
16,000 ton press and platens 305 for approximately one 
hour. The pressing and de-watering step 222 should be 
su?icient to squeeze water out of the cementitious material 
and impress an ornamental appearance from the ?berglass 
mold 303 onto the cut board 301. 

The disclosed Hatchek process 214, can be modi?ed to 
introduce an interlaminar bond strength promoter step 213, 
such as by introducing the promoter in the mixing step 210, 
slurry forming step 212, or through a spray head attachment 
208, which can be located anywhere along the felt belt 213, 
and is preferably located proximate to the accumulator roll 
205. Such an ILB strength promoter could include, for 
example, a cement mortar modi?er or adhesive, such as 
acrylic, starch, polyvinyl alcohol, polyvinyl acetate, etc. The 
bond promoter is desirably provided in a latex or emulsion, 
such as the acrylic-based cement mortar modi?er Rhoplex® 
E-330, available from Rohm & Haas Company, Philadel 
phia, Pa. The bond promoter is designed for assisting in 
promoting better adhesion between the layers 204 of the 
multilayered sheet 206, such as the layers 101 of shake 100, 
for example. Alternatively, or additionally, a rheological 
agent, such as “nano-siZed” magnesium alumino silicate, 
can be sprayed onto the ?bercement layer prior to sheet 
formation at the accumulation roll 205, to encourage ?ow 
between the individual cementitious layers 204 to create 
better interlaminar bond strength. One rheology-modifying 
agent used to produce such an effect is the Acti-gelTM brand 
of activated magnesium alumino silicate available from 
Active Minerals Company LLC, Hunt Valley, Md. Such 
rheological agents, like the cement modi?ers and adhesives 
discussed above, can also be added to the slurry 203 in the 
tank 201, or during initial mixing of the slurry 203 ingre 
dients, or through a combination of these techniques. The 
bond promoter or rheological agent is desirably applied to at 
least 50% of the surface area of the targeted surface, and 
more preferably, about 95% of this surface area, or greater. 
In addition, pigments such as dyes, carbon black or tinting 
agents could be added to impart shades or color at the 
surface of the product or throughout the product thickness. 

In addition to resinous bond promoters and Theological 
agents, this invention proposes the use of mechanical 
manipulation of the wood ?ber so that the individual ?bers 
can be oriented in a “Z” direction between layers to improve 
ILB strength. Presently, the ?bers of most ?bercement 
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6 
products are oriented in the machine direction and are 
relatively parallel to one another. In addition to using the 
suggested additives, or apart therefrom, one can use of a 
series of pins, partially or fully disposed within the layer or 
layers 101 to pierce the sheet and displace the ?bers per 
pendicular to the machine direction, thus allowing the ?bers 
to join the sheets together. The equipment for this technique 
can be inserted online and is not assumed to add signi?cant 
cost to the raw materials. The technique may further, or 
alternatively, include a piercing wheel, punching die, vibra 
tion table, needling equipment, or a smoother surface such 
as a roll or plate which can be used to upset the ?ber location 
on each, or selective ones, of the layers 101. Alternatively, 
a device can be con?gured with barbs to move the ?bers as 
the tool inserts and extracts. 

The effect of this mechanical manipulation operation will 
increase the ILB strength or allow a lighter weight product 
to be created having the strength of a thicker product made 
by conventional means. It is also likely to improve mechani 
cal properties such as the ?exural modulus of the product, 
since sheer between the sheets will be improved because of 
the bridging created by the ?bers. Subsequent pressing can 
close up any voids that occur because of the mechanical 
manipulation. 

Following the pressing and de-watering step 222, the 
stack 304 of formed boards, ?berglass molds 303 and 
support members 302 are pre-cured at step 224 in an oven 
for 12 hours at 1400 F. and about 100% humidity. The 
precuring step 224 provides the now formed cementitious 
boards with su?icient mechanical properties to be trans 
ferred. At this stage, the cementitious product is about 
15*20% cured. It is then subjected to a ?nal autoclaving step 
226 for 12 hours at about 3250 F. in a saturated steam 
environment. The autoclaving step 226 should be suf?cient 
to substantially cure the cementitious product to about a 
99.9% cure. Following the autoclaving step 226, the board 
is separated from the molds at step 228, and then sent to 
inventory for a week or two prior to the dry cutting step 230. 
Dry cutting is typically accomplished with a gang saw 
including about 10 blades which are capable of cutting 
multiple products or making multiple cuts in a single prod 
uct. In this fashion, grooves between boards, scallops, 
staggered edges and individual shapes can be cut into the 
cementitious material to provide an aesthetic appearance. 
Wet cutting with water jet is also suitable for this purpose. 

Following the dry cutting step 230, the building product 
is sealed and primed at step 232. A good PVA or acrylic latex 
primer coat followed by a tinted ?nish coat helps to provide 
the shake 100 with years of weatherability. If a water 
resistant bond promoter is used, such as Rhoplex® E-330, in 
suf?cient quantity to be present on the surface of the shake 
100, the seal and primer step 232 can be eliminated. 
While the steps enumerated in the ?ow diagram of FIG. 

3 have been successful in producing the exterior building 
products, such as shake 100 of this invention, it will be 
realiZed that these steps can be modi?ed or changed from 
their selected sequence while still providing a quality prod 
uct. For example, cutting could occur in the wet or green 
state, as opposed to a ?nal cured state of the product to 
provide trim details such as circles, cuts between shapes and 
product edges. The pressing step 222 could be eliminated in 
favor of mold or belt curing or the like. The autoclave and 
separate mold steps 226 and 228 could be reversed for 
example, and as an alternative to the Hatchek process, 
molding processes could be employed, and an extruder 
could be used instead of an accumulation roll. 
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MATERIALS DISCUSSION 

The following preferred materials have been selected for 
manufacturing the cementitious products of this invention. 

Aggregates 25, ?bers 24, dispersants, and a rheology 
modifying agents can be selectively added to modify the 
properties of the cementitious composition 22. The cemen 
titious composition 22 most preferably includes a knoWn 
?bercement composition including Wood ?ber, silica sand 
and portland cement, With or Without an acrylic modi?er. A 
variety of additives can be included Within the cementitious 
composition 22, such as organic binders, dispersants, one or 
more aggregate 25, ?bers 24, air entraining agents, bloWing 
agents, or reactive metals. The identity and quantity of any 
additive Will depend on the desired properties or perfor 
mance criteria of both the cementitious composition 22 as 
Well as the sheathing or trim product made therefrom. 

Organic binders are simply polymers that When added to 
Water under certain conditions form long chains that inter 
tWine and capture the components of the mixture. As Water 
is removed from the mixture, these long chains solidify and 
bind the structural matrix. Because of the nature of these 
organic binders, hoWever, they also function to modify the 
rheology of a composition. Whether the organic material is 
a binder, or primarily affects the rheology is a matter of 
degree and is dependent on the concentration. In smaller 
amounts the organic material primarily affects the rheology. 
As the amount of organic material is increased, its ability to 
bind the particles together increases, although it also con 
tinues to affect the rheology. 

Organic binders can also be added to increase the cohe 
sive strength, “plastic-like” behavior, and the ability of the 
mixture to retain its shape When molded or extruded. They 
act as thickeners and increase the yield stress of the inor 
ganically ?lled mixture, Which is the amount of force 
necessary to deform the mixture. This creates high “green 
strengt ” in the molded or extruded product. Suitable 
organic binders include a variety of cellulose-, starch-, and 
protein-based materials (Which are generally highly polar), 
all of Which assist in bridging the individual particles 
together. 

Dispersants, on the other hand, act to decrease the vis 
cosity and the yield stress of the mixture by dispersing the 
individual aggregates 25, ?bers 24, and binding particles. 
This alloWs for the use of less Water While maintaining 
adequate levels of Workability. Suitable dispersants include 
any material Which can be absorbed onto the surface of the 
binder particles or aggregates and Which act to disperse the 
particles, usually by creating a charged area on the particle 
surface or in the near colloid double layer. The binders and 
dispersants can be introduced in the dry mixing step 210, 
slurry forming step 212 and/or sprayed betWeen layers 204 
by a spray head 208 onto the accumulator roll 202, for 
example. 

It may be preferable to include one or more aggregate 
materials Within the cementitious layer 22 in order to add 
bulk and decrease the cost of the mixture. Aggregates often 
impart signi?cant strength properties and improve Workabil 
ity. An example of one such aggregate is ordinary silica sand 
or clay, Which are completely environmentally safe, 
extremely inexpensive, and essentially inexhaustible. 

In other cases, lightWeight aggregates can be added to 
yield a lighter, and often more insulating, ?nal product. 
Examples of lightWeight aggregates are perlite, vermiculite, 
holloW glass spheres, aerogel, xerogel, pumice, and other 
lightWeight rocklike materials. These aggregates are like 
Wise environmentally neutral and relatively inexpensive. 
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8 
Fibers may be added to the cementitious layer 22 in order 

to increase the interlaminar bond strength, compressive, 
tensile, ?exural, and cohesive strengths of the Wet material 
as Well as the hardened articles made therefrom. Fiber 
should preferably have high tear and burst strengths (i.e., 
high tensile strength), examples of Which include Waste 
paper pulp, abaca, southern pine, hardWood, ?ax, bagasse 
(sugar cane ?ber), cotton, and hemp. Fibers With a high 
aspect ratio of about 10 or greater Work best in imparting 
strength and toughness to the moldable material. 

WORKING EXAMPLE I 

Specimens for Water absorption and mechanical testing 
Were prepared by a Hatchek process diagrammatically pro 
vided in FIGS. 2 and 3 using the folloWing formulation: 

Ingredients 
cellulose ?ber 8 Wt. % 
cement (Portland type IAII) 36 Wt. % 
silica sand (greater than 97% quartz) 52 Wt. % 
clay (56% SiO2, 28% alumina) 4 Wt. % 
mixed polymer concentration (Rhoplex® E330 latex) 0.6 

These ingredients Were added With Water (77% by Weight 
of Water and the above ingredients). The Rhoplex® E-330 
latex Water emulsion, Which is hydrophilic, can be applied 
(as Will be described beloW) in an amount of about 0.150 
wt %, more preferably, 0.2*0.8 Wt %, based on the Weight 
of the starting ingredients. A small amount of defoamer Was 
also employed using a How rate of about 2.2 g/hour. 
The Rhoplex acrylic emulsion Was applied using a plu 

rality of spray males. A spray rate of 1.5 g/m per noZZle at 
40 psi Was used. Each noZZle had a 80 degree spray Zone 
intended to cover 10.1 inches if the ori?ce Was 12 inches 
from the felt. Approximately 6 noZZles Were used to cover 
the entire sheet (1.5 g/m/noZZle><6 noZZles:approximately 9 
g/m rate). The ori?ce siZe of the noZZle Was approximately 
0.094 inches and the spray pattern Was approximately ?at. 

In a ?rst experiment, ILB strength measurements Were 
employed using the ASTM C 1185 99 test method on 6 test 
and 6 control samples. Portions of these boards Were also 
hydrostatically tested for Water absorption against a base 
line. The break stress test results are included beloW in Table 
1, and the Water absorption test results are graphically 
depicted in FIG. 7. 

TABLE 1 

Break Stress Results 

Test Method: 
Sample 
ID. 
Control 

Break Stress 

(MPa) 
Break Stress 

(MPa) 
Ratio 

Test (test/control) 

0901 6C1 
0901 6C2 
0901 6C3 
0901 7C1 
0901 7C2 
0901 7C3 
Ave. 
st. dev. 

2.68 
2.01 
2.86 
3.08* 
2.66 

0901 6T1 
0901 6T2 
0901 6T3 
0901 7T1 
0901 7T2 
0901 7T3 

2.52 0.94030 
3.08* 1.53234 
3.08* 1.07692 
3.08* 1 
2.55 0.95865 
3.08* 1.21739 
2.89 1.12093 
0.28160 

*exceeded maximum range of machine 

To summarize, the ILB strength for the test samples in 
Table 1 shoWed a 12% increase in strength With a 29% 
reduction in standard deviation. Four of the test samples and 
one of the control samples exceeded the limits of the 
machine limits, so the full extent of the improvement in ILB 
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strength Was not measurable for all samples. Additional 
portions of these boards Were tested for M.O.R. and percent 
elongation and the test samples achieved a 2.8% drop in 
peak stress and a 7% increase in percent elongation, 
although the standard deviation Was large. 

The Water absorption test indicated that the test sample 
stabiliZed very quickly at about 2 hours and had a moisture 
increase from a baseline of only about 1, compared to the 
control Which absorbed almost 5.6 times more Water over 7 
hours, as shoWn in FIG. 7. 

WORKING EXAMPLE II 

The same Hatchek process used for Working Example I 
Was employed again to make a series of boards to develop 
the optimum loading ratio of Rhoplex E-330 to Water. Using 
the same spray parameters, a pink trial (ratio of 1 part 
E-330:0 part Water), gray trial (1:2), green trial (1:10), and 
blue trial (1:20), Were performed. Attached beloW are the 
strength vs. concentration ratio measurements for the control 
and test samples Which Were cut from the same board in each 
ratio grouping. 

TABLE 2 

Strength vs. Concentration Ratio 

1E-330: 0 Water 

Sample 09837 Pink Trial 09837 Pink Control % Increase 

Test 1 1.06 0.59 
Test 2 0.61 0.89 
Average 0.84 0.74 12.84%* 
Std. Dev. 0.32 0.21 

1E-330: 2 Water 

Sample 09837 Green Trial 09837 Green Control % Increase 

Test 1 0.84 0.45 
Test 2 0.65 0.57 
Average 0.75 0.51 46.08% 
Std. Dev. 0.13 0.08 

1E-330: 10 Water 

Sample 09837 Blue Trial 09837 Blue Control % Increase 

Test 1 0.51 0.38 
Test 2 0.28 0.51 
Average 0.40 0.45 —11.24%* 
Std. Dev. 0.16 0.09 

1E-330: 20 Water 

Sample 09837 Gray Trial 09837 Gray Control % Increase 

Test 1 0.64 0.60 
Test 2 0.76 0.51 
Average 0.70 0.56 26.13% 
Std. Dev. 0.08 0.06 

*not statistically signi?cant 

The results appeared to support a ?nding that diluted 
compositions including E-330 and Water Were more readily 
distinguishable from pure E-330, and that ILB strength 
increases of 12.84% (pink) up to 46.08% (green) Were 
possible using the resinous bond promoter techniques of this 
invention. The grey trial netted an increase of 26.13%, and 
it appears that the pink and blue trials Were Within the 
standard deviation and not statistically signi?cant. 

Finally, it is noted that the chemistry for the Rhoplex 
E-330 emulsion Was based on an acrylic emulsion Which is 
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10 
chemically similar to the sealer coat often used for ?berce 
ment sheathing products. Rhoplex E-330 does not yelloW 
and has good UV resistance. During the above tests, it 
appeared that the Rhoplex E-330 emulsion left a coating on 
the embossed face of the product. The loading of a pigment 
or tint into the Rhoplex® system could presumably give the 
same type of ?nished appearance as the exterior sealer often 
used in commercial ?bercement products. It Was concluded 
that the use of a modi?ed Rhoplex composition in lieu of a 
sealer coater could be used to free up equipment, reduce 
cycle time, reduce delamination of the present sealer layer, 
reduce costs relative to using both systems and increase 
performance. 
From the foregoing, it can be realiZed that this invention 

provides cementitious building products Which are stronger 
and more resistant to cracking than currently available 
commercial ?bercement products. The preferred siding and 
roo?ng shakes and siding of this invention can have a much 
higher break stress and absorb less Water, Which should 
enable them to resist freeZe-thaW damage to a greater degree 
than prior ?bercement products. The cementitious layers of 
this invention can be joined to each other With adhesive 
bonds, cement modi?ers or adhesives, or be reinforced With 
rheological modifying agents to increase ILB strength. 
Although various embodiments have been illustrated, this is 
for the purpose of describing, and not limiting the invention. 
Various modi?cations, Which Will become apparent to one 
skilled in the art, are Within the scope of this invention 
described in the attached claims. 

What is claimed: 
1. A building product comprising: 
a plurality of individual ?bercement layers, said indi 

vidual ?bercement layers comprising, substantially 
gypsum free, cementitious material having respective 
reinforcing ?bers therein; and 

said individual ?bercement layers being successively 
adhered to one another and strengthened by a Water 
resistant, interlaminar bond therebetWeen, said inter 
laminar bond comprising, a substantially gypsum free, 
bond promoter material of an acrylic based resin and 
Water. 

2. The building product of claim 1, Wherein said respec 
tive reinforcing ?bers are oriented Within corresponding said 
individual ?bercement layers. 

3. The building product of claim 1, Wherein said indi 
vidual ?bercement layers further comprise, respective 
aggregate therein. 

4. The building product of claim 1, Wherein said indi 
vidual ?bercement layers are successively adhered to one 
another by having said bond promoter material thereon. 

5. The building product of claim 1, Wherein said cemen 
titious material in a slurry form comprises said bond pro 
moter material. 

6. The building product of claim 1, Wherein said inter 
laminar bond strength of said plurality of layers is increased 
at least about 10%. 

7. The building product of claim 1, Wherein said cemen 
titious material comprises Portland cement and silica sand 
aggregate, and said reinforcing ?bers comprise cellulose 
?bers. 

8. The building product of claim 1, Wherein said bond 
promoter material increases an Elongation at Break property 
of said building product by at least about 7%. 

9. The building product of 1, Wherein said plurality of 
individual layers comprise ?rst, second and third layers, and 
said bond promoter material is disposed betWeen said ?rst 
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and second layers, and between said second and third layers 
to improve the interlaminar bond strength of said ?rst, 
second and third layers. 

10. The building product of claim 9 Wherein said building 
product comprises, one of a siding product or a roo?ng 
product; said bond promoter material increases the inter 
laminar bond strength of said building product by at least 
10%, and said bond promoter material increases an Elon 
gation at Break of said building product by at least 7%. 

11. A building product comprising: 
a plurality of gypsum free, individual ?bercement layers 

in one of, siding for a building or roo?ng for a building, 
each of said individual ?bercement layers comprising, 
cement having therein respective, cellulosic ?bers and 
silica sand; 

one of said individual ?bercement layers comprising an 
exterior for a building having said one of, said siding or 
said roo?ng; 

a gypsum free, acrylic-based bond promoter material 
disposed at least Within an interlaminar bond region 
betWeen adjacent said individual ?bercement layers; 
and 

said one of, said siding or said roo?ng, having an inter 
laminar bond break stress of at least 10% greater than 
Without said acrylic-based bond promoter material in 
said siding or said roo?ng. 

12. The building product of claim 11 Wherein said acrylic 
based bond promoter material comprises at least about 0.1 
Wt. % acrylic portion thereof. 
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13. An exterior building product comprising: 
a plurality of gypsum free, individual ?bercement layers; 
a gypsum free bond promoter material successively 

adhering together adjacent said individual ?bercement 
layers, such that, said bond promoter material increases 
an interlaminar bond strength of an adhered together 
said individual ?bercement layers; Wherein said bond 
promoter material comprises one or more of: acrylic, 
polyvinyl alcohol, starch, polyvinyl acetate; 

an exterior-facing side on one of said individual ?berce 
ment layers; and 

a building-facing side on another of said individual ?ber 
cement layers. 

14. An exterior cementitious building product comprising: 
a plurality of successive, individual ?bercement layers, 

Wherein each of said ?bercement layers contains a 
respective cementitious mixture, said cementitious 
mixture comprising, at least gypsum free cement and 
respective reinforcing ?bers therein; 

one of said individual ?bercement layers having an exte 
rior-facing side; 

another of said individual ?bercement layers comprising, 
a rearWardly facing side; and 

a resinous, gypsum free bond promoter material com 
prised of one or more of: acrylic, polyvinyl alcohol, 
starch and polyvinyl acetate, disposed betWeen said 
successive said ?bercement layers in suf?cient quantity 
to increase the interlaminar bond strength of said 
building product While improving its resistance to 
Water absorption. 

* * * * * 


